The objective of this study was to investigate the association between diabetes mellitus (DM) and the prevalence of intermittent claudication (IC). Between 1995 and 1997, all residents aged 20 years or older in Nord-Trøndelag County, Norway were mailed an invitation to participate in a health survey (HUNT 2). A total of 19,712 participants aged 40-69 years old completed and returned the questionnaire included with the invitation. They also attended an examination where brachial blood pressure was measured and non-fasting venous blood was collected. The venous blood sample was subsequently analysed for concentrations of blood lipids. Responses to 12 questions on IC were previously tested against ankle blood pressure measurements (ABPI < 0.9) and the algorithm with the best test properties was used to identify individuals with IC. Participants reported a history of DM by simple questions in the questionnaire. Logistic regression analysis was then used to compute age-adjusted prevalence odds ratios for the association between exposure variables and the prevalence of IC. Potential confounding by smoking, blood lipids and brachial blood pressure was investigated in multivariate analyses. For both sexes IC was more common in individuals with DM (OR women = 3.8, CI, 1.9-7.6; OR men = 2.8, CI, 1.4-5.8) compared to participants without DM. Adjustment for smoking, blood lipids and brachial blood pressure did not substantially change these results. In conclusion, the prevalence of IC was more than three times higher in patients with DM compared to non-diabetic participants.
Introduction
Peripheral arterial disease (PAD) is a major cause of morbidity in western societies. Furthermore, the mortality in patients with intermittent claudication (IC), one of the most common symptoms of PAD, is high due to co-morbidity with coronary heart disease (CHD) and stroke. 1, 2 The major difference between PAD in diabetic and non-diabetic individuals is the common occurrence in the former of distal vascular disease and neuropathy, both of which increase the risk of amputations. Thus, individuals with diabetes and PAD carry a five to ten times higher risk of amputation than PAD patients without diabetes mellitus (DM). 3 Further, identifi-cation of DM is important because focused multidisciplinary foot care can reduce the risk of amputations and improve quality of life. 4, 5 There is an increased incidence and prevalence of DM in almost all age groups in the western world; however, especially in the young. 6, 7 Further, the duration of DM is associated with the development of PAD. 8, 9 It is therefore likely that the number of patients in the population who suffer from vascular diseases will increase due to a higher prevalence of DM in the general population. 6, 10 Diabetes is known as a risk factor for IC among older individuals. However, few studies have investigated a similar association in population studies including individuals of both sexes under the age of 50 years. Thus, we propose that DM is likely to cause IC in younger as well as older individuals. Further, DM affects men and women equally, and we suspected no sex differences in the association between IC and DM. Thus, the objective of this study was to assess the association of DM and the prevalence of IC in an unselected population of nearly 20,000 men and women aged 40-69 years old.
Materials and methods

Study population
The Nord-Trøndelag Health Study (HUNT 2) study was conducted in Nord-Trøndelag County, Norway between 1995 and 1997, and all residents aged 20 years or older were invited to attend. 11 Among invited individuals, 66,140 (71.2%) responded to a brief questionnaire that was enclosed with the invitation and attended a subsequent physical examination. The examination included measurement of brachial blood pressure and a venous blood sample. At the examination, participants from 20 to 69 years of age received another questionnaire which included questions specifically aimed at identifying individuals with IC. This second questionnaire was to be filled in at home and returned by mail. In order to validate the questions on IC, a random sample of participants older than 60 years of age were invited to have their anklebrachial blood pressure index measured in a consecutive examination. Since IC is rare at a young age, we restricted the analysis to participants aged 40-69 years old; thus, 9,381 men and 10,331 women were included in the analyses. Unfortunately, individuals older than 69 years of age were not eligible for investigation due to the study design.
Study factors
A history of DM was obtained from the questionnaire by two simple questions to investigate (1) whether the individual had DM or not and (2) if yes, was the condition treated with insulin. The variable was dichotomized for the statistical analyses. Further, blood concentrations of lipids (mmol/l) were categorized into tertiles in the regression model.
Blood sampling was performed whenever the individuals attended (i.e. in a non-fasting state). Serum samples were analyzed at the Central Laboratory at Levanger Hospital on a Hitachi 911 Autoanalyzer (Hitachi, Mito, Japan), applying reagents from Boehringer Mannheim (Mannhein, Germany). Total cholesterol, HDL-cholesterol and triglycerides were measured by an enzymatic colorimetric cholesterolesterase method. 11, 12 The day-to-day coefficients of variation were 1.3-1.9% for cholesterol, 2.4% for HDL-cholesterol and 0.7-1.3% for triglycerides.
Individuals who had never smoked cigarettes daily were considered never smokers, and those who reported previous or current daily smoking were classified as former or current smokers, respectively.
Following a period of at least 10 min of rest in a quiet room, brachial blood pressure was recorded with the individual in the sitting position and the blood pressure cuff on the right upper arm. 6 Recordings of systolic and diastolic blood pressure were rounded off to the nearest 2 mmHg, and analyses were based on recordings of the mean value of the second and third of three consecutive measurements. Systolic and diastolic blood pressure were analysed separately and the variables were treated as ordinals in the regression model.
In an unselected subgroup of 333 participants older than 60 years of age, the ankle systolic blood pressure index (ABPI) was calculated. With the individual in the supine position a blood pressure cuff was placed proximal to the malleoles. The Doppler probe (Doppler model 841-A; Parks Medical Electronics, Inc., USA) was placed over the posterior tibial artery in the first measurement, and over the dorsalis pedis artery in the second measurement. Recordings were performed in both extremities. The highest of the two measurements was denoted the ankle systolic blood pressure. All ABPI measurements were performed by two laboratory technicians in order to minimize the variability in measurement techniques.
Diagnosing ICvalidating the questions Questionnaires can only identify individuals with symptomatic disease. Thus, different combinations of the 12 anamnestic questions were previously tested in 333 randomly selected individuals. We used the ankle-brachial pressure index (ABPI < 0.9) as the reference standard of arterial occlusive disease (symptomatic and asymptomatic individuals). [13] [14] [15] Four simple questions eligible for self administration had comparable test properties to the WHO/Rose questionnaire and the Edinburgh claudication questionnaire, and were consequently used to certify suspected cases of IC. 13, 14, 16 Individuals with IC should indicate: (1) pain in one or both legs during walking;
(2) the pain should be located to the calf; (3) it should disappear when the individual stops walking for a while; and (4) should be absent at rest. The questions had a specificity of 98.0% and a positive predictive value of 45.5%. 13 
Statistical analyses
The association between DM and the prevalence of IC was estimated by multiple logistic regression analysis. The results were computed by sex, and age was included in 5-year categories and treated as a co-variate in the analysis. The relevant exposure variables were used as independent variables and the prevalence of IC as the dependent variable. This produced age-adjusted prevalence odds ratios (OR) with 95% confidence intervals (CI) for the association between DM and IC. Treating each variable as an ordinal variable in the regression model, we computed p-values for trend (p-trend) across exposure categories (tertiles).
The effect of potential confounding by smoking, blood lipids, and diastolic or systolic blood pressure was assessed in subsequent multivariable analyses by comparing age-adjusted and multivariable estimates.
All statistical analyses were performed using the statistical software SPSS for Windows (Release 13.0, Copyright SPSS Inc., [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] .
Results
A larger proportion of women (2.8%; CI, 2.5-3.2) than men (2.1%; CI, 1.8-2.4) were reported to have DM. The age-adjusted prevalence of IC was similar for men (1.1%; CI, 0.9-1.4) and women (1.2%; CI, 1.0-1.4), and the prevalence of IC did not differ by sex in any age group (Table 1) . 1 We observed a trend of higher prevalence of IC among individuals with diabetes compared to non-diabetic individuals in all age groups. However, the differences were not statistically significant (Figure 1 ). Furthermore, though not substantially different, we observed that IC was more common among young individuals with DM (OR (40-49) = 5.2; CI, 1.2-22.1) compared to elderly patients with diabetes (OR (60-69) = 2.2; CI, 1.2-4.1).
In contrast, when comparing the total numbers of participants, IC was more common in individuals with diabetes (OR women = 3.8; CI, 1.9-7.6, OR men = 2.8; CI, 1.4-5.8) compared to non-diabetic participants (Table 2A) .
Potential confounding by systolic or diastolic brachial blood pressure, smoking, and blood lipids was assessed in multivariable analysis, but the results did not substantially change after adjusting for these factors (Tables 2A and 2B ).
Discussion
The proportion of females with diabetes in the population was somewhat higher than in males, but the results were comparable with previous findings. 17, 18 Our results indicate an even stronger association Values are given as mean ± standard deviation. between IC and DM in both sexes. 19, 20 Further, diabetes was substantially more strongly associated with IC compared to similar associations with smoking and blood lipids in the same population during the same time period. 7, 21 Type 2 DM is the most common form of diabetes. In younger patients, however, there will be a relatively larger proportion with type 1 DM. Though not substantially different, we observed somewhat higher odds for IC in relatively young individuals with diabetes compared with the oldest. This observation may suggest that IC is more common in type 1 than in type 2 DM. However, these observations must be interpreted carefully as the confidence intervals for the odds are overlapping. Further, we were not able to adjust for the possibility that more Cut points for tertiles of total cholesterol were 5.6 and 6.6 for men, 5.5 and 6.5 for women, and 5.5 and 6.5 for both sexes (total). c Cut points for tertiles of HDL-cholesterol were 1.1 and 1.4 for men, 1.3 and 1.7 for women, and 1.2 and 1.5 for both sexes (total). d Cut points for tertiles of triglycerides were 1.3 and 2.2 for men, 1.1 and 1.7 for women, and 1.2 and 1.9 for both sexes (total). elderly than younger individuals with IC had deceased at the time of inclusion. The observation may also be partly explained by the oldest individuals having a level of physical activity insufficient to produce symptoms of IC even in the presence of atherosclerosis.
Misclassification is inevitable when measurements of disease frequency of PAD are based on self-reported symptoms. 13 Further, perception of pain is subjective, and symptoms of IC may be interchangeable with other diseases such as orthopedic or muscular conditions. 8 Also, the level of physical activity may sometimes be inadequate to produce symptoms of leg ischemia. 22 Some may be able to 'walk through the pain' and consequently fail to report symptoms of PAD. Overall, these factors may lead to an underestimation of the number of individuals with diabetes presenting with IC, even in the presence of underlying atherosclerosis. Such misclassification will, however, attenuate the estimated associations.
In cross-sectional studies, exposure and outcome variables are measured at the same time. Therefore, the presence of DM (exposure) may only be interpreted as a cause of IC (outcome) if it can be assumed as plausible that DM was present before IC occurred. Data for the onset of DM were not eligible for statistics due to low response frequency. However, we observed that a large proportion of the youngest individuals with diabetes developed symptoms of IC at an age when IC is rare in otherwise healthy individuals. Most of these young IC patients were taking insulin at the time of inclusion (i.e. insulin medication indicates more severe disease). It is therefore likely that a dose-response relation is present, and thus, that DM is a cause and not an effect of IC.
Population projections for Norway are similar to other western countries and indicate that the number of people over 69 years of age will double within the next 35 years. 10 DM is becoming an increasingly important health issue. Our results indicate that DM is one of the most important causes of IC among both sexes and in all age groups. Thus, the contribution of both a higher prevalence of elderly individuals and individuals with diabetes may be reflected in an increased prevalence of PAD despite the age-specific reduction in cardiovascular morbidity that has been reported over recent years. Nevertheless, DM is reported to increase dramatically among young individuals, and our findings may support these data. If this change in the epidemiology of DM continues, it is likely that a larger proportion of the young will have PAD in the future. Adding to this, risk modifiable medication might result in decreased mortality in all age groups and consequently a higher prevalence of individuals with diabetes, with or without PAD.
In summary, IC was nearly four times more common in females with diabetes and three times more common in males with diabetes compared to participants without DM.
